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Abstract
Within-class experimental designs (with experimental and control groups in the same
classroom) are subject to diffusion effects whereby both experimental and control students
benefit from the intervention, thereby contaminating the control group and biasing evaluations
of intervention effects. In support of diffusion effects, we show that a classroom intervention
resulted in systematically higher academic self-concepts for internal (within-class) controls
compared to external (between class) control groups. The construct validity of the
interpretation of this difference as a diffusion effect was supported by observer and teacher
comments and ratings of teacher success in focusing the intervention on experimental
students, and different patterns of results for teachers who were more or less successful in
maintaining this focus. Potential dangers in sole reliance on internal within-class control
groups may outweigh advantages of this expedient experimental design.
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In completely within-classroom experimental designs, the entire experimental design
(i.e., all experimental and control groups) is replicated within each classroom. Typically, these
designs involve matching students in each class and then randomly assigning each matched
student either to an experimental group that receives a teacher-administered intervention or to
an internal (within-class) control group. Such designs are very efficient in that they can be
implemented with a small number of classes or even a single class and provide more precise
estimates of the intervention effects. Within-class designs differ from between-classroom
designs in which all students within a given classroom are in the same condition such that no
experimental students are in the same classroom as the external (between-class) control
students. Although there are many variations of these basic experimental designs, the
distinguishing feature is that random assignment is conducted at the level of the individual
student for within-classroom designs but at the level of the classroom for between-classroom
designs. This distinguishing feature has important implications for the design, analysis, and
interpretation of classroom research. For purposes of the present investigation we have
selected a component of a larger, previous study (Craven, 1996) in which to demonstrate
potential biases produced by within-class designs. Because the purpose of this study is
methodological, our focus is on issues of design, analysis, and interpretation of results based
on within-class designs.

Potential Threats to Internal Validity Produced by Within-classroom Designs
Diffusion Effects

In their classic discussion of threats to internal validity, Cook and Campbell (1979)
discuss a number of ways in which direct or indirect interaction between experimental and
control groups can invalidate comparisons between these groups. They caution that diffusion
or imitation of treatments can occur "when treatments involve informational programs and
when the various experimental (and control) groups can communicate with each other,
respondents in one treatment group may learn the information intended for others" (p. 54).
They also suggested that this problem is particularly acute in quasi-experimental designs that
attempt to ensure that control and experimental groups are similar, and include a physical
closeness of such groups so that they can communicate. Good and Brophy (1977) have
described this phenomenon as a treatment that radiates to nontarget participants. More
recently researchers have described this issue as "leakage" (Plewis and Hurry, 1998) and
Craven (1996) specifically referred to this phenomenon as what she termed a "diffusion
effect". Given the latter term is consistent with previous and current researchers' descriptions
of the issue, throughout this paper we will refer to this threat to internal validity as a diffusion
effect.

Although listed as threats to internal validity that are distinct from diffusion effects,
Cook and Campbell (1979) listed other potential threats that may be relevant to evaluating
results for internal (within-class) comparison groups: compensatory equalization (providing
additional benefits to control group participant to compensate for benefits lost by not being in
the experimental group); compensatory rivalry (control group participants trying harder to
compensate for the expected difference in favor of the experimental group), and resentful
demoralization (control group participants giving up or not trying as hard because they are
demoralized about not receiving the benefits of the intervention). Whereas diffusion effects
are typically assumed to reduce the size of the intended effects of an intervention compared to
a design in which the effects were not contaminated by diffusion effects, other threats to
internal validity such as resentful demoralization could actually increase the size of the
effects. Furthermore, these various threats are not mutually exclusive so that it is difficult to
anticipate their net effect. For example, some control-group participants might try harder
(compensatory rivalry) whereas others might not try as hard (resentful demoralization).

A diffusion effect may be present in within-classroom designs when teachers are asked
to deliver the intervention to target students in the experimental groups and not to deliver the
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intervention to nontarget students in the control groups (internal, within-class control groups).
Hence, the internal validity of within-class designs may be weaker than between-class (or
school) designs in which the external control groups have no interaction or awareness of the
experimental group. A critical issue is whether teachers are able and willing to deny control
students the potential benefits of the intervention. Even with careful training and monitoring,
teachers are likely to differ in the fidelity with which they implement the intervention. Hence,
within-class designs are vulnerable to diffusion effects whereby the teacher-mediated
intervention diffuses to control group participants. For example, teachers might incorporate
changes associated with the intervention into their natural teaching repertoires if they deem
the new strategy as potentially successful in inducing positive changes in student behavior. If
this did occur, then this change in teacher behavior may diffuse to nontarget control students
and result in corruption of the within-class control group. Even if teachers do not apply
experimental procedures to nontarget students, it is also possible for students to experience a
teacher-mediated intervention vicariously in that they may hear target students receiving
feedback and use this feedback as a basis of altering their future behavior (Bandura, 1986).

Diffusion effects are problematic in that the contamination of the internal (within-class)
control group may result in biased estimates of the intervention effect. Hence, if diffusion
effects are present, results are difficult to interpret in that internal validity has been
compromised and the control group may have been influenced directly or indirectly from
aspects of the intervention. Despite the potential bias of such effects for teacher-mediated
interventions, researchers generally overlook the possibility that a treatment has inadvertently
affected control students. Yet "if the classroom ecology is to be disturbed, it is important to
assess how changes in teacher behavior affect all students" (Good and Brophy, 1974, p. 391).
Therefore the possibility that teacher-mediated treatments could diffuse to the control group
needs to be explicitly examined in teacher-mediated intervention studies based on a within-
class experimental design.
Research Evidence For Diffusion Effects.

Several studies have indicated that diffusion effects may be present. Withall (1956), in
an early study designed to examine teacher's classroom interactions, advised a teacher that 8
specific students could benefit from more teacher interaction. Based on classroom
observations, Withall found that the teacher increased his interaction with target students but
teachers' interactions with nontarget students also rose significantly. The results of the
Withall study suggest that a diffusion effect was present in that the teacher changed his
behavior towards all students not just solely target students.

Good and Brophy (1974) explored whether feedback given to teachers could change
teacher behavior towards target students and observed the effects of changes in teacher
behavior for both target and nontarget students. The training was an interview with individual
teachers to make them aware of negative interactions with target students in comparison to
positive interactions with nontarget groups. Seven of the eight participating teachers showed
large changes in the pattern of their interactions with target students. Whereas 4 of these 7
restricted the intervention to target students, three teachers also changed the pattern of their
interaction with nontarget students. Good and Brophy (1974, p. 404) concluded, "when
teachers did change their behavior toward target children, they also tended to change their
behavior (in the same direction) toward nontarget children". This diffusion to nontarget
students benefited the nontarget students, but contaminated comparisons between control and
intervention students and negatively biased estimates of the intervention effect based on such
comparisons. Clarke and Cornish (1972) reported a similar effect in a criminological study.
They found that staff of a penal institution for teenage boys implemented a "therapeutic
community" intervention to both experimental and control groups rather than solely utilizing
existing orthodox methods with the control group. Thereby staff in this study changed their
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behavior toward nontarget children so that the intervention for the control group became more
like the intervention group over time.

Diffusion effects can result in the increase of desirable teacher behaviors for control as
well as experimental students. It is, however, also likely that a diffusion effect could result in
a decrease of the frequency of undesirable teacher behaviors to students in both experimental
and control groups. For example, Cooper (1977) asked teachers to refrain from criticizing
experimental participants after the student initiated an interaction. Observation four weeks
after the intervention revealed that teachers had stopped criticizing all students, not just
students assigned to the experimental group.

Meta-analyses of intervention studies have also identified the presence of positive
changes to control groups although these apparently have not been attributed to diffusion
effects. For example, Hattie's (1992, p. 227) meta-analysis of self-concept enhancement
studies found that there was an effect for positive change in control groups with an average
effect size of .12 based on 51 effect-sizes, suggesting that this could be explained by
Hawthorne, maturation, experimenter, or "copy cat" effects. Although she did not refer
specifically to diffusion effects nor categorize these effects according to specific types of
research design, these results may be suggestive that such effects may be present in some of
the studies.
Other Potential Biases Associated With Within-class Designs.

Diffusion effects imply a bias such that control group students benefit from an
intervention that is supposed to benefit only experimental group students. As noted earlier,
one possible mechanism whereby this might take place is through vicarious reinforcement in
which teacher praise not only has the desired effect on target students who receive the
reinforcement, but also has similar effects on nontarget students who merely observe this
process (Bandura, 1986; Sharp ley, 1985). Thus, for example, the nontarget students may
assume that they will be praised by the teacher in the future for such behavior or even
reinforce themselves when they perform the desired behavior in the future. If, however, two
students are concurrently performing the same behaviors and the teacher explicitly reinforces
only a target student, then the predicted effects on the nontarget student are more complicated
(Sharp ley, 1985). The effect on nontarget students may be positive due to a vicarious
reinforcement effect or the consequences of the behavior other than teacher reinforcement.

Conversely the nonreward of control participants, may also extinguish the desired
behavior for nontarget students and thus have the opposite effect. Bandura (1986, p.286), for
example, suggests that "those whose efforts go unrecognized are more likely to be
disheartened than inspired by seeing others receiving recognition to which they also feel
entitled" (also see Cook and Campbell, 1979, for discussion of 'resentful demoralization'). In
a classic illustration of this negative implicit reward effect, Sechrest (1963) studied pairs of
students who concurrently completed two different puzzles. One student in each pair the
target student was praised or criticized whereas the nontarget (internal control) student in
each pair received no reinforcement. An additional external control group completed the
puzzles alone and received neither praise nor criticism. Praise led to better subsequent
performance for target students who received the praise, but poorer performance for the
nontarget students who merely observed the praise of target students. Conversely, criticism
led to poorer performance for target students, but better performance by the nontarget pair
who merely observed target students being criticized. In a review of implicit rewards in
classroom settings, Sharp ley (1985) emphasized that the use of implicit rewards can lead to
poorer performances when these students have previously been rewarded for the same
behaviors.
A multilevel perspective.

Selection of the appropriate unit of analysis the individual student or the classroom
is an important issue in classroom research that is particularly relevant to the discussion of
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effect is likely to inValidatetneassumPtions Underlying IraditiOnal SOlistitalanalyses based
on response by individual students: Particularly for within class designs in. whiCtr the same
teacher administers the,intervention to experimental students, and does not administer the
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Plewis and Hurry (1,998)%prO:icliecl.4technical:diseu&sioniefista0ptiol models and the
conduct of multilevel analysis, indieating why 'a rfitiliilevel perspeetiVe is iimportant to
consider in the design and analysis of classroom intervention studies. In, their demonstration,
they pursued further analyses of selected components of a reading intervention. In this
research, children with reading difficulties received individual tutorial sessions from a trained
reading recovery teacher. In each of the 22 schools implementing the program, the six poorest
readers were identified, 3 or 4 of these students were allocated to the intervention in which
they were withdrawn from class to receive individual instruction, and the remaining students
were allocated to a within-school control group. The comparison of results for these two
groups suggested a positive effect of the intervention using an appropriate standard error
based on differences between classrooms. They emphasized that, as is typically the case, the
standard error based on analyses of individual students (that ignores the classroom level) was
substantially smaller than the more appropriate standard error based on multilevel modeling,
providing a positively biased test of the statistical significance of the intervention effect.
More generally, the size of the standard error in multilevel modeling can vary in size from the
typically smaller standard error based on analyses of large numbers of individual students
(i.e., each student is considered.to be a separate case) to the typically larger standard error
based on analyses class mean (i.e., each class is considered to be a separate case). Where it
falls along this continuum depends on the size of the clustering effect (the extent to which
students within each class are more similar to each other than to students in different classes).

In discussing potential limitations of this particular reading intervention study, Plewis
and Hurry emphasized the possibility of diffusion effects (which they refer to as "leakage").
They suggested that internal control groups in their study could be affected by diffusion
effects in that all teachers in experimental schools -- not just teachers implementing the
intervention were trained in reading recovery and that the trained reading recovery teachers
may also have taught control students utilizing the intervention methods when in the role of
regular classroom teacher. This study provided a potential test for diffusion effects in that a
further 41 control schools were selected by local education authorities based on similar
student intake to experimental schools (also see discussion of this approach by Craven, 1996).
Although these external control schools were not randomly assigned to conditions, the six
poorest readers were assigned to an external control group. Plewis and Hurry conducted
separate multilevel analyses based on the internal (within school) and external (between
school) control groups. Although both analyses showed statistically significant intervention
effects, effects based on the external control group were slightly larger (an effect size of .79
vs. .62). Plewis and Hurry interpreted this difference to be "consistent with some leakage" (p.
22). They did not, however, provide a strategy for testing the statistical significance of this
apparent difference that may be modest in relation to probable sampling error. Furthermore,
because the external control groups were not based on random assignment, they cautioned
that even the small observed differences "may be confounded with other design differences,
particularly in allocation" (p. 22). They concluded, however, that "because of possible
leakage, in this example the classic comparison between intervention and control children in
the same school is a demanding one as far as demonstrating an intervention effect is
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concerned" (p. 22). Because the focus of their study was on the application of multilevel
modeling rather than diffusion effects per se, and the results were statistically significant for
both analyses, the authors did not pursue more formal comparisons of the internal'and
external control groups. Rather their main message was that "Whatever design is adopted to
the effectiveness of an educational intervention, this paper has shown that the analysis of the
data so generated needs to be located within a multilevel framework" (p. 24).

The Present Investigation
The research reviewed here implies that diffusion effects may confound the

interpretation of intervention studies. However, whilst researchers may be aware of and imply
that this issue is important (often in passing), few researchers have conducted rigorous tests of
diffusion effects using appropriate research designs and statistical analyses. Researchers tend
to focus on intervention effects for target participants rather rigorously analyzing and
interpreting the impact of interventions on intended control participants. As noted previously,
in educational environments "it is important to assess (emphasis added) how changes in
teacher behavior affect all students" (Good and Brophy, 1974, p. 391), and "predicting and
controlling for such effects should be of special concern to those who propose to change
teacher behavior" (Good and Brophy, 1974, p. 405, emphasis added). Unfortunately, most
research demonstrations of diffusion effects are anecdotal in nature, lacking rigorous research
designs and appropriate statistical analyses to better understand these effects that would serve
to strengthen intervention design, implementation and evaluation procedures. Hence, given
the importance of teacher-mediated interventions for educational research, and the
problematic nature of potential diffusion effects for data analysis and interpretation, it is
important to better document the occurrence, causes, and research implications of such
effects.

The purpose of the present investigation was to provide a basis for better informing
research pedagogy in relation to these issues. In so doing, we demonstrate useful
methodological approaches for investigating diffusion effects and fully exploring the
implications of the procedures and findings of this study for future practice. Specifically, the
key purposes of the investigation were to: a) Highlight and emphasize the importance of
diffusion effects as a substantive methodological issue; b) Provide an overview of the
methodology employed for a model study to identify useful methodological approaches; and
c) explore the implications of the findings to strengthen future research.

The model study was based on a large-scale within-class self-concept intervention
(Craven, 1996) delivered by teachers. Important methodological features of the study include:
a) predicting and controlling for possible diffusion effects in the research design as suggested
by Good and Brophy (1974); b) focusing on assessing how changes in teacher behavior affect
nontarget students; c) conducting appropriate tests of statistical significance to demonstrate
the presence of diffusion effects; d) utilizing a strong research design incorporating a
randomly assigned within-class control group and randomly assigned within-school external
control group based on matching procedures to test for diffusion effects; and e) utilizing a
synergetic blend of quantitative and qualitative research methods to assist in illuminating the
presence and operation of diffusion effects.

Method
Participants

Participants for the self-concept intervention study were 1557 students aged from 8 to
10, from 50 classes in 8 schools in metropolitan Western Sydney, Australia. Pretest total
academic self-concept scores measured by the Self-Description Questionnaire I (SDQ-I;
Marsh, 1990) were used as the criterion for selecting students to participate in the study and
matching students who were then randomly allocated within each class to experimental, and
internal-control (within-class) groups. One class in each school was randomly assigned to the
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external-control group after randomly selecting the year group to be allocated to the external
control group in each school. From each of the 50 classes participating in the study, 18
students with the lowest total academic self-concept scores were selected to participate from
an average of 30 children per class.

The 18 students from each of 42 experimental classes receiving the intervention were
matched in triplicates by sex, age and level of academic self-concept. The matched
participants were then randomly assigned to control or experimental interventions. This
resulted in one participant being assigned to the internal control group (N = 252 across all 42
classes) and the remaining two participants being assigned to the experimental interventions
that focused on enhancing math and verbal self-concepts through interventions delivered
either by the teacher or by research assistants. One additional class from each of the eight
participating schools was randomly assigned as the external control group and all 18 students
from these classes (N = 144) were allocated to the external control group. The intervention
was not administered in these classes and no training or materials were provided to teachers of
these classes. Because of the emphasis of this study on the comparison of internal control
groups (where there is the possibility of diffusion of the experimental intervention) and the
external control groups, analyses and discussion focus on these control groups and not the
substantive interpretations of the intervention effects that are described in greater detail
elsewhere (Craven, 1996).
Instrumentation

The SDQ-I (Marsh, 1990) was selected as the self-concept measure because it is widely
regarded as the strongest multidimensional self-concept instrument for school-aged students
(Byrne, 1996; Hattie, 1992; Wylie, 1989). The SDQ-I assesses three areas of academic self-
concept (reading, mathematics and general school self-concept), four areas of nonacademic
self-concept (physical ability, physical appearance, peer and parent relations) and includes a
general self-scale. Three total scores consist of: academic self-concept (the average of
reading, mathematics, and general school self-concepts), nonacademic self-concept (the
average of physical, appearance, peer, and parent relations self-concept scales) and total self
(the average of academic and nonacademic scales). Preadolescent children are asked to
respond to 76 simple declarative sentences (e.g., "I'm good at mathematics") with one of five
responses: false; mostly false; sometimes true/sometimes false; mostly true; true. Because the
diffusion effect is posited to generalize to different components of academic self-concept and
because the initial selection of students and their assignment to groups were based on the total
academic self-concept score, we based analyses on this score.
Intervention

Pretests were administered at the start of the academic year and the intervention was
implemented during the next 14 weeks. The initial sample of 1557 pupils completed the
SDQI, standardized achievement tests, and two other measures not associated with this aspect
of the study (see Craven, 1996). The measures were administered by research assistants under
the supervision of the first author according to testing procedures in the respective testing
manuals. To examine the intervention effects, time 2 tests were administered 1- 3 weeks after
the intervention.

Prior to administering the intervention, teachers of experimental classes attended one,
90-minute intervention training session. Teachers were instructed to praise 4 target children
daily in specific subject areas (1 in mathematics, 1 in reading and 2 in both reading and
mathematics) once each day. Teachers were instructed to deliver feedback daily during normal
reading and mathematics lessons. Teachers were explicitly instructed to maintain their normal
feedback for all students such that feedback associated with the intervention was in addition to
normal feedback. The teacher-mediated intervention employed a combination of internally
focused feedback and attributional feedback (see Craven, 1989; 1996; Craven, Marsh and
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Debus, 1991). All activities were extensions of the procedures previously tested in the Craven
et al. (1991) study.

During week 14 of the study, two external observers (senior research associates) who
had observed the implementation of the intervention on 6 one hour occasions and teachers of
experimental groups were asked to complete parallel questionnaires, commenting on and
rating on a scale of 1 to 9 (1 poor, 3 - below average, 5 average, 7 good, and 9 excellent)
the fidelity of the intervention implementation. Specifically teachers were asked to rate and
comment on the item "My performance in ensuring only target pupils receive the teacher-
administered intervention" and external observers rated and commented on the item "The
teacher's performance in ensuring only target pupils receive the teacher-administered
intervention". A total of 38 of 42 teachers completed the teacher self-rating form and 31 of 42
teachers were rated by observers who felt that they were able to make accurate ratings of the
extent to which teachers had been able to focus the intervention on experimental students.
These teacher self-ratings and ratings by external observers provided an indicator of the
fidelity of implementation, a measure of the success of the teacher in focusing the intervention
on target participants. These were collected as measures of fidelity of the implementation, but
are also directly relevant to the evaluation of diffusion effects.
Statistical Analyses

In preliminary analyses, there were no significant pretest differences between internal
within-class and external control groups on time 1 measures of academic self-concept or
academic achievement. Diffusion effects in the teacher-mediated intervention were tested by
contrasting the academic self-concept scores of the internal control group with the scores of
the external diffusion control group at time 2. A multiple regression analysis was conducted
with time 2 academic self-concept as the dependent variable. Covariates included: time 1
(pretest) scores for academic self-concept and academic achievement. Aptitude-treatment
interactions the extent to which diffusion effects (operationalized as differences between the
internal within-class controls and the external controls) varied as a function of initial academic
self-concept -- were also evaluated in this multiple regression analysis (see Aiken and West,
1991). For purposes of these analyses, academic self-concept scores were standardized across
the total group and achievement test scores were standardized across all students in the same
year at school. Subsequent analyses were then used to determine the extent to which academic
self-concepts of internal control students varied as a function of the teacher's success in
focusing the intervention on target students.

Traditional multiple regression analyses such as those described above may be appropriate
if there is no clustering effect (students within each class are no more similar to each other
than to students from other classes), but this is unlikely in classroom research. When
clustering effects do exist, tests of statistical significance are positively biased. Recent
advances in multilevel modeling provide a means to evaluate whether there are such
clustering effects and a more appropriate way to analyze the data whether or not there are
clustering effects. A detailed presentation of the conduct of multilevel modeling (also referred
to as hierarchical linear modeling) is available elsewhere (e.g., Bryk & Raudenbush, 1992;
Goldstein, 1995). Particularly in social, organizational, and educational research,
characteristics associated with individuals who are clustered within groups (e.g., students in
classrooms, residents in neighborhoods, employees in companies) pose special problems
related to appropriate levels of analysis, aggregation bias, heterogeneity of regression, and
associated problems of model misspecification due to lack of independence between
measurements at different levels. It is generally inappropriate to pool responses of individuals
without regard to groups, and relations observed at one level may not bear any
straightforward connection to relations observed at another.

Results

10
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Diffusion Effects in Student Self-concepts
Comparison of time 2 self-concept scores for the internal and external control groups

revealed main effects for group and an aptitude treatment interaction in which the size of this
effect varied as a function of initial self-concept levels . Results based on the traditional
(single level) multiple regression analyses and multilevel modeling analyses provide nearly
identical estimates of the effects and their standard errors (see fixed effects in Table 1). Both
analyses indicate significant main effects of pretest variables (prior academic self-concept and
achievement) and significant main effects of (internal vs. external) groups in which scores are
higher for the internal control group. This main effect of group, however, interacts with pretest
academic self-concept. A preliminary multilevel model with no explanatory variables
indicated that only a marginally significant portion of the variance could be explained by
initial differences between classes (variance component = .092, SE = .047) and results in
Table 1 indicate that the residual variance component after adding the explanatory variables is
clearly nonsignificant (variance component = .010, SE = .022). This small clustering effect
explains why results based on the two analyses are so similar.

Inspection of Figure 1 (considering only the solid lines representing the total internal
and external control groups for now) demonstrates that these results support a diffusion effect;
students in the internal control groups had higher academic self-concepts than did students in
the external control groups. The size of this diffusion effect, however, varied with initial
(pretest) levels of academic self-concept (Ti academic self-concept x internal interaction in
Table 1). The diffusion effect was clearly evident for students with initially lower academic
self-concepts but not for students with relatively higher academic self-concepts (i.e., high
relative to this group of students with average and below average self-concepts). The nature of
this interaction is consistent with the design of the intervention to enhance the self-concept of
students with initially low self-concepts (see Craven, 1996, for a more detailed evaluation of
this interaction effect).

Insert Table 1 and Figure 1 About Here
Focus: Measures of the Fidelity of Implementation

As with any experimental design resulting in significant differences between
experimental and control groups even those based on random assignment to groups, it is
incumbent upon the researchers to support the construct validity of their interpretation of the
cause of the group difference. To evaluate whether diffusion of the teacher-mediated
intervention was the source of the group differences, data from teachers and external
observers are examined. Initially we consider external observer and teacher self-ratings of
focus (the extent to which teachers were able to focus the intervention exclusively on target
students). Further data from comments by external observers and teachers on the
implementation of this aspect of the intervention illuminate possible sources of the diffusion
effect. Finally, these focus ratings are used to determine how the pattern of results varied as a
function of the focus of the intervention.

Teacher responses. Teachers rated their ability to focus the intervention on
experimental target students and not to other students in the class. Across self-ratings by all
teachers, 13% were poor to below average (1-3 on a 9-point response scale), 47% were
average (4-6 on the 9-point response scale), 39% were above average to excellent (7-9 on the
9-point response scale), and only 8% were excellent (9 on the 9-point response scale). The
range of these self-assessment ratings suggests that teachers varied considerably in their
ability or willingness to focus the intervention exclusively on target participants, supporting
suggestions that the quality of implementation would vary from teacher-to-teacher.

Written comments by teachers also support the diffusion effect interpretation. One
teacher noted that "I liked the intervention so much I used it with all my students". Other
teachers expressed some difficulties isolating the intervention to nontarget students e.g.,: "I
sometimes accidentally gave the intervention to someone not on the list", "I found it difficult
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to restrict who received the reinforcement ". Others suggested that they thought' it was
beneficial to not solely isolate the intervention to target participants e.g.,: "I always naturally
give other children positive reinforcement/feedback anyway so I didn't restrict it to just the
target pupils". Some teachers suggested it was hard,to focus op target children and that
nontarget children might not receive praise When it was due e.g.c: "Lard to do as you felt
guilty leaving others out", "I wanted to ensure the other children didn't feel any of the four
children were getting special iteittilW;(11.114301ifieli31.toicougneeetiiehikl'atid subject each
day without leaving others outtllgrl Classiciern ItPnicit t'etrifgrce all workers
if they are completing tasks credibly". Other comments suggested that teachers felt that
nontarget class members were aware of the praise strategies being implemented e.g.,:
"Awareness of class that some children were getting preferential treatment", "Some class
members felt they also needed to be praised all the time".

External observer responses. External observers, based on classroom observations,
also rated the ability of the teachers to focus the intervention on target experimental students.
Observer ratings were systematically higher than teacher self-ratings, ranging from 4 to 9.
Across all teachers they rated 29% as average (4-6 on a 9-point response scale), 71% as good
to excellent (7-9 on a 9-point response scale), and only 13% of teachers as excellent in their
ability to focus the intervention on target students. Ratings by external observers were more
lenient than teacher self-assessments, but still indicate systematic variation in the ability of
teachers to focus the intervention on target students. Written comments by observers also
support this contention (e.g., "seemed to give the feedback to other students as well"; "was not
prepared to praise only a small section of the class"). Hence, comments by the observers also
indicated that some teachers did not focus the intervention on target students. Observers also
reported that some teachers and even students felt that preferential treatment was being given
to target subjects. For example, one observer noted that the teacher's performance in focusing
the intervention "was to the point where the other students have felt left out even though the
teacher has praised them in other ways". It was also noted that some teachers delivered the
treatment in such a public manner that it was obvious to students e.g.,: "It is obvious which
children are receiving the feedback", "It is quite obvious to me which are the participating
students".
Statistical Analyses of Implementation Ratings

Teacher self-ratings and observer ratings of how well teachers were able to focus the
intervention on experimental target students were positively correlated (r=.38, p < .05). In
order to assess how student self-concept responses varied as a function of the focus of the
implementation, a total focus score was obtained by averaging the nonmissing teacher self-
ratings and observer ratings. Multiple regression analyses and multilevel analysis models were
then used to determine the extent to which academic self-concepts of internal control students
varied as a function of the teacher's success in focusing the intervention on target students.
(These analyses did not include external control students because focus ratings were only
relevant for internal control students and were not collected for the external control groups).

Results based on the traditional (single level) multiple regression approach and the
multilevel modeling approach (Table 1) provide nearly identical results (see fixed effects
Table 1, analysis of internal control group as a function of focus). Results for both analyses
indicate a significant interaction effect (focus x T1 academic self-concept). Inspection of
Figure 1 (considering only the broken lines for now), demonstrates that the difference between
high and low focus groups are evident for students with relatively higher pretest academic
self-concepts. These students with relatively higher self-concepts were more advantaged when
the focus of the intervention was low (i.e., teachers were less able or willing to focus the
intervention solely on experimental on target students; see Craven, 1996, for further
discussion of this interaction effect).
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It is also important to juxtapose the results based on the total internal and external
groups (the solid lines in Figure 1) with the results for internal groups with a high and low
focus (the broken lines in Figure 1). The function for the total internal control group,. of
course, falls midway between those based on groups with a high and low focus of
implementation. The function for the internal control students with a low focus is
systematically higher and roughly parallel with that of the external group. Consistent with our
interpretation of the diffusion effect, this suggests that when teachers are not able to focus the
intervention on target students, then students at all levels of prior academic self-concept
benefit by the diffusion of the intervention. This finding, perhaps, constitutes the strongest
support for a diffusion effect and demonstrates why it is important to simultaneously consider
results from external control groups, internal control groups, and measures of the fidelity of
the implementation. Interestingly, even when the teachers are able to focus the intervention on
target students, the only nontarget students to be disadvantaged (relative to students in the low
focus group) are those with relatively higher levels of initial self-concepts. When teachers are
successful in focusing the intervention on experimental target students, nontarget students
within the same class who might normally receive more praise and feedback (i.e., those with
initially relatively high academic self-concepts) tend to have lower academic self-concepts
(Figure 1).

Discussion
For purposes of this study, diffusion effects were operationally defined as students in the

internal (within-class) control group having higher academic self-concepts as a result of a
teacher-mediated intervention than students in the external (between-class) control groups.
Even when researchers provide careful training to teachers and monitor the implementation,
teachers are likely to differ in the fidelity of the implementation. The presence of diffusion
effects in this study demonstrates that within-class control groups can be contaminated such
that they also receive benefits of teacher-mediated interventions that are intended to be given
only to experimental target students. Hence, in such studies the within-class control group
provides a questionable basis of comparison for evaluating the effectiveness of the
intervention. The external control group is, perhaps, a more effective control group in that
students in this group are unlikely to be contaminated by the intervention. However,
particularly for most classroom research based on modest sample sizes and a limited number
of classrooms, the use of external control groups may not be a viable option.

Out results clearly supported a diffusion effect in that academic self-concepts were
higher in the internal control group than in the external control group. Furthermore, consistent
with the design of the intervention and its effects, the diffusion effects were limited primarily
to students with initially lower levels of academic self-concept (Figure 1). The construct
validity of the interpretation of this difference as a diffusion effect was supported by
comments by both the teachers themselves and external observers. Furthermore, self-ratings
by teachers of their success in focusing the intervention on experimental students varied
widely and agreed reasonably well with parallel ratings based on responses by external
observers. Particularly when teachers were unsuccessful in focusing the intervention on target
children, academic self-concepts of nontarget students in the corresponding (low-focus)
internal control groups were systematically higher for all levels of pretest academic self-
concept than those in the external control group. Hence, the interpretation of a diffusion effect
is supported by differences in student academic self-concepts, teacher and external observer
comments and focus ratings, and differences in self-concepts as a function of teachers'
success in focusing the intervention on experimental target students.

As emphasized by Plewis and Hurry (1998), much classroom intervention research is
methodologically flawed in that the statistical analysis is not consistent with the focus of the
intervention and the nature of educational data. Because educational data are hierarchically
ordered (e.g., students are nested within classes), it is almost always appropriate to conduct
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multilevel analyses that that take into account this hierarchical data structure. Whereas it may
be defensible to do analyses on class means, such analyses typically have insufficient power to
identify potentially important intervention effects unless the number of classrooms is
extremely large. Analyses at the individual student level are rarely justified in educational
research in that tests of statistical significance are likely to be positively biased due to
violations of the assumption of independence that students are no more similar to students
within the same class than to students in different classes. The major exception to this
generalization is when such clustering effects are negligible. Interestingly, because the
clustering effects were very small in the present study, our results based on the traditional
multiple regressions (single level) and multilevel analyses were nearly identical. Even here,
however, we needed to conduct the multilevel modeling in order to demonstrate that the
clustering effects were small.

The focus of our research has been on diffusion effects on internal (within-class) control
groups and associated biases in evaluating the effectiveness of interventions. There was clear
evidence for a diffusion effect for the internal control groups with low focus. Thus, when
teachers do not focus the intervention specifically on target students, students in the internal
control group are likely to be benefited by the intervention. However, even when the focus of
the intervention is high (i.e., fidelity of implementation is good), the results for the internal
control groups were more complicated than anticipated. Differences between the high and
low focus control groups varied with characteristics of the students as did differences between
the high focus and external control groups (Figure 1). For example, differences between the
high and low focus groups were larger for students with initially higher levels of self-concept.
This suggests that diffusion (positive and constructive feedback from teachers) may be greater
for these students who initially had relatively higher self-concepts. Furthermore, these
students from high focus groups with initially higher self-concepts also appeared to be
disadvantaged in comparison to even the external control group (Figure 1).

Although not anticipated, we offer several post hoc suggestions for why self-concepts of
students with relatively high self-concepts might be lower in the high focus group than in the
external control group. The results may be consistent with resentful demoralization
hypothesized by Cook and Campbell (1979) in that students might feel resentful when similar
students (target students with similar levels of academic self-concept) receive positive
feedback and they do not. Similarly, this could represent a negative implicit reward (Sechrest,
1963; Sharp ley, 1985) in which observing target students receiving praise results is a negative
effect for students who do not receive praise even though their performance may be the same
as target students. Furthermore, Sharp ley (1985) emphasized that this effect is likely to be
negative only when students previously have been praised for this behavior. From this
perspective, it may be reasonable that this effect is negative in our study only for those
students with relatively higher levels of academic self-concept. Alternatively, even though
teachers were instructed to maintain their normal levels of praise for nontarget students, some
may have been overzealous in not praising internal control students who might otherwise
expect to be praised. Indeed, it may be realistic that teachers who see themselves as being
highly focused in the administration of the intervention not only increase appropriate praise
and effective feedback to intervention students but might also reduce normal levels of praise
and feedback to other students particularly those who might otherwise be most likely to
receive it. This suggestion is also consistent with comments by teachers who felt guilty about
withholding praise from internal control students, particularly those who most deserved it
(also see Cook and Campbell, 1979, for related discussion of compensatory equalization).
Furthermore, even if teachers maintained the same level of praise for nontarget students, these
levels may seem to students to be less in comparison to the higher levels of praise received by
targeted students. These alternative explanations are not mutually exclusive and may
represent different perspectives of the same underlying phenomena. Indeed, Sharp ley (1985)
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emphasized that the effects of implicit rewards in classroom settings are likely to be negative
when teachers reduce the previous levels of reward experienced by nontarget students and
that the effects are dependent upon worth of rewards as viewed by students.

It is important to emphasize that the results of the present investigation are idiosyncratic
to particular characteristics of our study. It might be argued, for example, that diffusion
effects are particularly likely in studies where the intervention is based on the administration
of public praise and effective feedback and where the outcome variable is academic self-
concept. The extent to which these results would generalize to different interventions and to
different outcome variables is clearly beyond the scope of the present investigation. Also,
because we did not have baseline patterns of reinforcement for our teachers prior to the
introduction of the intervention, we can only infer how the introduction of the intervention
changed these patterns of interaction. Instead, the focus of our research is to provide strong
evidence that diffusion effects are possible when researchers rely on within-class internal
control groups and to explore some of the likely implications of this effect as a bias to the
valid interpretation of intervention effects. Although there has been considerable anecdotal
reporting of diffusion-like effects for classroom intervention studies, the most appropriate
evaluation of such effects requires an effective intervention, an internal within-class control
group based on random assignment, an external control group based on random assignment,
measures of the fidelity of implementation in the experimental classrooms, and appropriate
statistical analyses to compare results for the internal and external control groups. Thus, it is
not surprising that there has been little nonanecdotal support for diffusion effects based on
true experimental designs. Hence, an important contribution of the present investigation is to
demonstrate that under appropriate circumstances, the use of internal within-class control
groups can result in diffusion effects that will bias interpretations of intervention effects.

More generally, the results have implications for the experimental design of classroom
intervention studies. Particularly when there is a reasonable likelihood that the effects of an
intervention may diffuse to other students within the same setting, sole reliance on an internal
within-class control group is problematic. When teachers are unable or unwilling to focus the
intervention on the target students (and instead, direct components of the intervention to
control students), then there are likely to be substantial diffusion effects that bias the
intervention effects. Also, because teachers are justifiably uncomfortable with the logistic,
equity and ethical implications of introducing differential treatments that may deny their
students access to an intervention that is seen to be beneficial, the fidelity of implementation
of designs with internal control groups is likely to be variable. Furthermore, there may be
many competing threats to the internal validity (e.g., diffusion effects, compensatory
equalization, compensatory rivalry, resentful demoralization, implicit rewards and
punishments) of interpretations of internal control groups comparisons that interact with
characteristics to the study and the participants. Thus, it might be difficult to predict the size
or even the direction of the cumulative effects of such biases. Hence, our over-riding message
to researchers is to be wary of completely within-class experimental designs. Although we are
not arguing that internal within-class designs are always biased or that there are not potential
problems associated with external control groups, our results provide one clear example and
rigorous tests of diffusion effects.
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Table 1
Time 2 Academic Self-concept for Internal and External Comparison Groups and as a Function of
Focus in the Internal Comparison Group

Internal vs. External Control

Multiple Regression Multilevel Modeling
B

Groups
SE B Beta Partial Parm SE

Fixed Effects
T1 ASC .51* .05 .48 .48 .51* .05
Internal/External .08* .03 .12 .14 .08* .03
T1 ASC x Internal -.07* .04 -.09 -.11 -.07* .04
T1 Achievement .13* .05 .12 .13 .13* .05
(CONSTANT) -.08 .05 -.08 .05

Random Effects
Student (level 1) .72** .06
Class (level 2) .01 .02

Effect of Focus (Internal Group only)
Ti ASC .44* .05 .48 .46 .43* .06
Focus -.08 .06 -.08 .07 -.09 .07
T1 ASC x Focus -.12* .06 -.12 -.09 -.15** .06
T1 Achievement .07 .07 .06 -.14 .11 .07
(CONSTANT) .01 .05 .00 .07

Random Effects
Class (level 2) .07 .04
Student (level 1) .61** .06

Note. T1 ASC = Time 1 academic self-concept. Internal = Internal vs. External contrast (positive
coefficients indicate higher scores for the internal control group).B = unstandardized beta weight. SE B
= standard error of the unstandardized beta weight. Beta = standardized beta weight. Partial = partial
correlation. Parm = Parameter estimates from multilevel modeling. SE = Standard errors from
parameter estimates from multilevel modeling. Also, see Figure 1 for a graph of the effects.
* p < .05; **p < .01.
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